The Minnesota Children's Pesticide Exposure Study (MNCPES) of the National Human Exposure Assessment Survey (NHEXAS) was conducted in Minnesota to evaluate children's pesticide exposure. This study complements and extends the populations and chemicals included in the NHEXAS Region V study. One of the goals of the study was to test protocols for acquiring exposure measurements and developing databases for use in exposure models and assessments. Analysis of the data quality is one element in assessing the performance of the collection and analysis protocols used in this study. Data quality information must also be available to investigators to guide analysis of the study data. During the planning phase of MNCPES, quality assurance (QA) goals were established for precision, accuracy, and quantification limits. The data quality was assessed against these goals. The assessment is complex. First, data are not available for all analytes and media sampled. In addition, several laboratories were responsible for the analysis of the collected samples. Each laboratory provided data according to their standard operating procedures (SOPs) and protocols. Detection limits were authenticated for each analyte in each sample type. The approach used to calculate detection limits varied across the different analytical methods. The analytical methods for pesticides in air, food, hand rinses, dust wipe and urine were sufficiently sensitive and met the QA goals, with very few exceptions. This was also true for polynuclear aromatic hydrocarbons (PAHs) in air and food. The analytical methods for drinking water and beverages had very low detection limits; however, there were very little measurable data for these samples. The collection and analysis methods for pesticides in surface press samples and soil, and for PAHs in dust wipes were not sufficiently sensitive. Accuracy was assessed primarily as recovery from field controls. The results were good for pesticides and PAHs in air (75-125% recovery). Recovery was lower (o75%) for pesticides in drinking water and beverages. The recovery of pesticides from hand rinses met QA goals (75-100%), but surface press samples showed lower recovery (50-70%). Analysis by gas chromatographymass spectrometry (GC-MS) did not confirm the presence of atrazine and other pesticides in hand rinse and surface press samples that had been detected by GC-ECD, but instead GC-MS confirmed background interferences. Assessment of the precision of sample collection and analysis is based on the percent relative standard deviation (%RSD) between the results for duplicate samples. Data are available only for pesticides and PAHs in air. Precision was good (o20% RSD) for analytes with measurable data. There were a few analytes with %RSD 420%, but the number of data pairs was very small in these cases. Precision for instrumental analysis of food sample extracts was excellent, with the median %RSD o 20 for all measurable pesticides. The median %RSD for the analysis of replicate aliquots of food from the same sample composite was considerably higher, indicating the potential for inhomogeneity of food homogenates.
Introduction
This is a companion paper to Part I: Exposure to Metals and Volatile Organic Chemicals in Region 5 . Similar to Part I, one of the objectives was to test protocols for acquiring population distributions of exposure measurements and developing databases for use in exposure models and assessments. An analysis of the data quality would also lend itself to an assessment of the performance of collection and analysis protocols used in the NHEXAS Minnesota Children's Pesticide Exposure Study (MNCPES) Adgate et al., 2000) . In addition to pesticides, polynuclear aromatic hydrocarbons (PAHs) were collected and analyzed in a subset of sample types, that is, air, food, and dust wipe, which also permitted an evaluation of these protocols. As the MNCPES database becomes available to the scientific community, secondary analyses may be performed by other investigators. For this reason, it is important that the quality of the data be described to assist and guide investigators in their own data analysis efforts.
The collection of all field samples was performed by one organization. Five laboratories were responsible for pesticide analysis of samples, whereas all PAH analyses were performed by one laboratory. Quality control (QC) data were provided and included in the database. This paper addresses the precision and bias of the exposure data obtained from the 102 children studied and the various methods of presenting non-measurable data.
Methods
The study design and analytical procedures that were used for pesticide and PAH analysis in the NHEXAS MNCPES are described in Quackenboss et al. (2000) , and are summarized here. The data quality assessment pertains to the use of these methods. Details for each of the methods may be found in the MNCPES Addendum to the NHEXAS Quality Systems and Implementation Plan (QSIP) 3 that was prepared before the field study was implemented. Included in the Addendum were quality assurance (QA) goals for sample collection and analysis that were established at the beginning of the study. These are listed in Table 1 . QA goals were established for the pesticides and PAHs that were of greatest interest in NHEXAS: chlorpyrifos, diazinon, atrazine, and malathion. The performance of the methods was compared against the QA goals for these compounds. These QA goals were also used as a yardstick for evaluating the data quality for other pesticides and PAHs obtained using the same methods.
Several laboratories participated in the analysis of samples for pesticides and PAHs. These laboratories are anonymously coded and listed in Table 2 . The QC data received from each laboratory were incorporated into the database. Each laboratory instituted its own QC procedures; this created an uneven quantity of information and not all QC data were provided for inclusion into the database. Statistical analyses were conducted on available QC data.
Study Design and Data Collection
The sample for the MNCPES was conducted in three phases:
(1) identifying households with age-eligible (3-12 years) children, (2) screening 308 households using a questionnaire and an inventory of pesticide product storage and usage, and (3) intensive monitoring to estimate multipathway pesticide exposures for 102 households/children. The survey design, the target analytes measured, the collection and analysis methods used for various sample types, QC and QA procedures, calculation of population-based sample weights, and data analysis and modeling methods have been previously described .
Analysis of Personal, Indoor, and Outdoor Air Samples for Pesticides and PAHs
The XAD sorbent from a sample cartridge and its associated quartz filter was transferred to a clean culture tube and 40 ml of methylene chloride was added, capped, shaken for 1 min, and sonicated for 10 min. After the samples were shaken for an additional 30 s, they were sonicated again for 10 min. Then the entire contents of the culture tube were poured into a chromatography column that contained a plug of glass wool at the bottom. The elutant was slowly reduced to about 5 ml using a Kuderna-Danish (K-D) apparatus. The sample extraction tube and column assembly was rinsed with an additional 25 ml of methylene chloride into the K-D receiver. The volume was reduced to 1 ml. Internal standards were added and the solvent exchanged with 200 ml toluene. The sample extracts were transferred to autosampler vials for storage or analysis.
Field controls that were prepared at the time of field sample collection were also processed by this procedure to assess recovery of the target pesticides and PAHs from the XAD sampling cartridge. Field controls consisted of XAD sampling cartridges spiked with known quantities of pesticides and PAHs at levels expected in air samples and were transported to and from the field. These samples were then processed and analyzed along with field samples.
Demonstrating acceptable calibration of the gas chromatography-mass spectrometry (GC-MS) system was required before any samples were analyzed. As part of quality control, calibration check standards were intermittently analyzed throughout sample analysis. After the initial calibration was successful, a continuing calibration check was required at the beginning of each day of sample analysis, as well as after the analysis of every ninth sample extract.
The GC-MS operating conditions are given in Table 3.  Table 4 lists the pesticides, PAHs, and surrogate standards and their quantification ions. The GC-MS data system software was used to generate a linear or second-order regression calibration curve.
The method detection limits (MDL) for pesticides and PAHs were established by analysis of seven blank (used) XAD sampling cartridges that were selected from the batches of cartridges prepared for field sampling. The MDL was calculated as follows:
3 QSIP document also contains a full description of the analytical protocols and quality control and assurance procedures employed. It is available from the US EPA, NERL (MC-HERB), PO Box 93478, Las Vegas, NV 89193, USA.
where t is the student's t-value for a 99% confidence level based on 6 degrees of freedom and S the standard deviation of the replicate analyses.
Analysis of Water Samples for Pesticides
Pesticides, internal standards, and surrogates were extracted from a water sample by passing 1 l of sample water through a cartridge containing a solid matrix with a chemically bonded C18 organic phase. The cartridge was first prepared by drawing 5 ml ethyl acetate, 5 ml methylene chloride, and 10 ml of water through it using suction. The internal standards and 5 ml of methanol were added to the water sample and the entire sample was suctioned through the cartridge. The pesticides were eluted from the cartridge with 5 ml ethyl acetate followed by 5 ml methylene chloride. The extract was dried by passing it through a 5-7-g column of sodium sulfate, and the column was washed with 2 ml methylene chloride. This extract was concentrated to 0.5 ml under a gentle stream of nitrogen, the vial sealed and stored in a freezer until ready for analysis. The procedure followed for the GC-MS analysis of pesticides in extracts of water samples was the same as for air samples.
The instrumental detection limit was set for each pesticide to the lowest calibration standard at a concentration that yielded an instrumental signal to noise ratio of approximately 10:1. The quantification limit (QL) was calculated as follows:
where CS is the lowest calibration standard (ng/ml) and V e the volume of extract (ml) and V s the volume of sample (l).
Analysis of Food Samples for Pesticides and PAHs
Homogenized samples removed from a freezer were allowed to equilibrate to room temperature. Approximately 25 g aliquot of well-stirred homogenized food sample was placed in a 250 ml preweighed beaker. A measure of 20 g of zinc acetate was blended with the food homogenate and allowed to react for 2 h. A small amount of water was added if the zinc acetate did not sufficiently dissolve. A measure of 2 g of potassium oxalate was added to the food sample aliquot, blended, and enough anhydrous sodium sulfate (B120 g) was then added and let stand for 3 h with occasional mixing to completely dry the sample. The mixture was placed into a Soxhlet extraction thimble and spiked with surrogates. Spiked laboratory blanks and fortified sample matrices were also prepared. The extraction thimble was extracted with 300 ml of methylene chloride for 12-20 h. While the solvent was still warm, 5 g of sodium sulfate was added to the roundbottom flask, swirled to remove any residual water remaining in the sample extract, and then allowed to cool to room temperature. The sample extract was decanted into the K-D concentrator, a Snyder column attached, and the volume was reduced to 5 ml by heating 65-701C. After cooling, 50 ml n-hexane was added to the K-D apparatus. The volume was reduced to 10 ml and then transferred to a 125-ml separatory funnel. The container was rinsed twice with 2.5 ml of n-hexane. (If the sample had a very high fat content, the extract was diluted to 15 ml with n-hexane.) Acetonitrile (30 ml) saturated with n-hexane was added and shaken for 1 min. The acetonitrile (lower) layer was drained into a 500-ml separatory funnel containing 200 ml of reagent-grade water (pH 7-8) and 6 g of sodium chloride. A total of 100 ml of methylene chloride was added and shaken vigorously for 1 min. After the layers separated, the methylene chloride layer was drained into a K-D concentrator. Partitioning was repeated. The volume of solvent was reduced using a K-D concentrator and a macro-Snyder column and then with a micro-Snyder column to 1.0 ml. Concentrations of analytes Assessment of the data quality for MNCPES Pellizzari et al. were based on the equivalent weight of the food sample, excluding the water added for homogenization.
The GC-MS analysis of these extracts for pesticides and for PAHs was conducted as described for air samples. The QL was determined according to Eq. (2), except that V s was in kilograms.
Analysis of Beverage Samples for Pesticides
After the sample was thawed, 50 ml of sample and 100 ml of acetone were added to a blender and blended for 2 min. The mixture was then filtered through clean prewashed filter paper using a 12-cm Buchner funnel and collected into a 500-ml suction flask. The extract was transferred to a 250-ml Erlenmeyer flask. A 40 g Hydromatrix cleanup column was first rinsed with 200 ml acetone and 200 ml of methylene chloride. The column was fitted with a K-D flask and 40 ml of acetone extract was passed through the column, followed by 300 ml of methylene chloride. To the eluant was added 0.5 ml of iso-octane, and the volume in the K-D flask was reduced to 1.0 ml using a steam bath. Then 50 ml of hexane was added to the K-D flask and again concentrated to 2-3 ml. After the mixture cooled, the K-D flask was rinsed with 2 ml hexane.
The extract was purified (using a 50-g Florisil column that had a layer of anhydrous sodium sulfate at the top) and fitted with a K-D flask. After 15 ml of hexane was passed through the column, the sample extract was poured into the column. The pesticides were eluted with 35 ml of a mixture of 4% methylene chloride/hexane (v/v) and then 50 ml of 50% ethyl ether/petroleum ether (v/v). To the eluant in the K-D, 0.5 ml of iso-octane was added and the K-D fitted with a microSnyder concentrator. The eluant volume was reduced on a steam bath to about 10 ml and after cooling 25 ml hexane was used to rinse down the glassware and the volume was now reduced to 2 ml. Upon rinsing K-D with a small amount of hexane, the extract was diluted with hexane to give about a 10 g/ml sample equivalent. The extract was then stored sealed in the freezer until ready for analysis.
Capillary GC with flame photometric and electron capture detection was used for quantifying the organophosphate and organohalogen pesticides. A DB-1 widebore 30 m long, 0.53 mm i.d., 1.5 mm film thickness capillary column was used for organophosphate pesticide analysis. A retention gap consisting of a 2-m, 0.53-mm i.d. uncoated fused silica was also used. The carrier flow was 25 ml/min, and the N 2 makeup was 40 ml/min. The capillary temperature was initially at 1501C, and programmed to 2201C at 101C/min, and held for 13 min. The injection and detector temperatures were 2201C and 2501C, respectively. Sample extract injections of 5.0 ml were made.
A DB-225 widebore 30 m long by 0.53 mm i.d. with a 1.0-mm film thickness was used for pesticides. The carrier and make-up flows were 25 and 25 ml/min, respectively. The capillary temperature was initially at 1501C, and programmed to 2201C at 51C/min, and held for 21 min. The injection and detector temperatures were 2201C and 3001C, respectively. Sample extract injections of 5.0 ml were made. Samples were run in batches, beginning with a reagent blank and field control followed by the sample extracts. The limits of detection were 1/3 of the limit of quantification (LOQ) (US FDA, 1994) . The LOQ was defined as a peak that has a minimum height of 10% of full-scale deflection (FSD) based on a 50% FSD for 0.75 ng of chlorpyrifos. The LOQ was for a 50-mg equivalent sample injection.
Analysis of Dust Wipe Samples for Pesticides and PAHs
To the amber vials containing the wipe samples, 5 ml of hexane was added, and the vials were capped, placed on a shaker, and shaken to ensure complete saturation of the wipe sample with hexane. A set of eight amber vials was placed in one crystallizing dish, and water was added to a fill level slightly above the level of solvent contained within the samples. Two sets were placed in an ultrasonic bath and sonicated for 30 min.
A GC equipped with a Nickel 63 electron capture detector and an autosampler injector was used for the analysis of pesticides. Quantification was performed by the HewlettPackard ChemStation chromatography software. A split/ splitless injector was held at 2201C, and a 30-m (0.32 mm i.d.) DB-1701 coated (0.25 mm film thickness) fused-silica capillary column (J&W Scientific) was temperature-programmed from 1601C to 2201C at 41C/min, from 2201C to 2501C at 101C/min and held at the final temperature of 2501C for 10 min. The detector temperature was held at 3001C. The carrier gas (helium) flow was 1.5 ml/min and the flow of the make-up gas (nitrogen) was 35 ml/min.
A six-point calibration curve was generated by plotting the area response against the amount. The resulting regression equation was used for all pesticide quantification. The quantification limit was calculated in a similar manner as in Eq. (1), except that it was based on the surface area (cm 2 ) over which the sample was collected.
Confirmation of pesticides and analysis of PAHs was performed by a GC-MS using the same conditions as described for air samples. The QL was determined according to Eq. (2).
Analysis of Surface Press and Dermal Rinse Samples for Pesticides
The C-18-impregnated Teflon filters representing surface press samples were placed in a 125-ml I-Chem pesticide grade amber jar, and 100 ml of 2-propanol was added so that the solvent completely covered and saturated the filters. After the jars were capped, they were sonicated for 30 min. After removing the C-18 filter, the 2-propanol was transferred to a clean, 1-l round bottom flask. The container was rinsed three times with 2-propanol and combined with first extract in the round bottom flask. One-half milliliters of a solution containing 2.5 mg/ml each of fenchlorfos and trichloronate was added as an internal standard. The volume was reduced to about 1 ml using a rotary evaporator and the bath at 851C. The extract was filtered through a 0.22-mm pore size Teflon filter, and then rinsed with 2 ml of 2-propanol. The filtrate was transferred to a 10-ml volumetric and the sample was made to 10 ml with isopropanol. The samples were aliquoted into ampules and kept in a freezer until GC analysis occurred. Using a 5-ml Micro-mate s disposable syringe filter attached, the sample was filtered into a Kimblet 1.5-ml tapered graduated glass vial. The contents were transferred to a Meyer N-EVAP s analytical evaporator (Organomation, Northborough, MA, USA) and evaporated with HPLC grade nitrogen to further reduce the volume to approximately 250 ml. The exact dilution factor was corrected for using a trichloronate internal standard in the analysis.
Dermal rinse samples (2-propanol solutions) were treated similarly to press samples. The volume was reduced using a rotary evaporator. The 1.0-ml volume was filtered and further processed as described above.
Sample extracts were analyzed by capillary GC electron capture detector (ECD) to detect chlorinated pesticides in the sample extract. The instrumental conditions were the same as for dust wipe samples. Included in a set of samples for analysis were standard reference materials (SRM) samples and field controls.
Quantitative and qualitative analyses of extracts prepared from the hand rinse and surface press samples was performed by GC-MS to confirm the measurements of atrazine and other pesticides. The GC conditions employed for MS analysis were identical to that used for ECD.
Analysis of Soil Samples for Pesticides
The soil samples were dried in a desiccator for a 24-h period, sieved through a 500-mm sieve, 5.0 g were placed in a 125-ml flask, and 50 ml of 2-propanol was added. After the flask was capped with a PFTE stopper, the samples were sonicated for 30 min. The extract was filtered through filter paper that had a layer of Na 2 SO 4 on top. The filtrate was evaporated to near-dryness using a rotary evaporator. The extract was reconstituted in 1-10 ml of 2-propanol and stored in amber vials in the freezer until analysis took place.
GC-ECD was used to detect chlorinated pesticides in the sample extract. The analytical conditions and process were identical to that for dust wipe samples.
Reagent method blanks were used to determine the MDL and applying Eq. (1).
Analysis of Urine Samples Pesticide Metabolites
To each 10 ml of urine sample in a 50-ml round-bottom tube, isotopically labeled internal standards were added. After the tubes were capped, vortex mixed, and placed in a robotics tube rack. Enzyme hydrolysis and solvent extraction steps were automated through the use of a laboratory robotics system. To each sample, the robotic system added 5 ml of buffer-enzyme solution and 5 ml 0.1 M Na 2 SO 4 and then incubated at 371C for 17 h. After the samples were hydrolyzed, 0.5 ml 2 M H 2 SO 4 was added and, mixed and then 8 ml of 1-chlorobutane-ethyl ether (8:2) was added. The tubes were shaken gently for 30 min and then centrifuged at 2000 r.p.m. for 30 min. The top organic layer was transferred to a 15-ml centrifuge tube. The 1-chlorobutane-ethyl ether extraction was repeated and the organic layers combined with the previous extractant. The combined extract was reduced to 4 ml using a Savant vacuum concentrator. Each concentrate was extracted with 1 ml 3 N NaOH, and the top layer was discarded. The metabolites were derivatized by adding 0.5 ml 0.41 M TBAHSO 4 in 3 N NaOH and 1 ml of 10% chloroiodopropane and incubating at 701C for 3 h. Samples were cooled, and the pH was adjusted to pH 10-13 with 1 ml 5 N H 2 SO 4 . Samples were incubated for an additional 3 h and then cooled. Each sample was extracted twice with 2 ml of toluene and the extracts combined. Each extract was applied to 500 mg of dry silica in a solid-phase extraction cartridge and the extract was collected in a clean 15 ml conical graduated centrifuge tube. The solid-phase extraction column was eluted with 4 ml of toluene and the eluate was combined with the first. The combined eluate was reduced to 0.1 ml using a vacuum concentrator. The external standard, 9-phenanthrol was added. Samples were stored in a freezer until they were analyzed.
Capillary GC-MS analysis was performed by using a 2-m uncoated fused-silica gap column connected to a coated DB-5 column (30 m Â 0.250 mm i.d., 0.25 mm film thickness). The helium velocity was 30 cm/s. An initial temperature of 801C was held for 2 min, then the oven heated to 1601C at 101C/min. The temperature was then increased to 2601C at 41C/min and held at 2601C for 2 min.
A Finnigan TSQ 46 tandem mass spectrometer was used for measuring the metabolites (Hill et al., 1995; Beeson et al., 1999) .
Results and Discussion

Samples Collected and Completion Statistics
The variety of sample types collected and analyzed for pesticides and PAHs in MNCEPS are listed in Table 5 . From each child and the child's home, the full complement of sample types was sought. A total of 102 children representing a range of 3-12 years in age was studied. The number of each sample type scheduled for collection was based on the participant agreeing to provide them. Thus, in some cases there were less than 102 samples scheduled for collection when participants did not agree to provide the desired samples. Furthermore, as prescribed in the study design, only about one-half (55) of the homes were scheduled for the collection of residential outdoor air and drinking water samples.
The response rate for providing the full complement of samples was very high. The rate was excellent for dietary samples, where 101 of 102 agreed to provide beverage samples. All participants agreed to provide duplicate diet samples, which were primarily done by the parents. Additional incentives were offered for collecting urine and personal air samples, although participants were allowed to participate in the other components of the study without providing these samples. Of the 102 children, 94 agreed to give urine samples. Of the 102 children participating in the study, only 76 agreed to provide personal air samples. As this type of sample required the child to carry a backpack containing the sampling system for 6 consecutive days, it was a significant burden, especially to the younger children. Thus, some children refused to or could not provide this sample.
The proportion of samples collected was Z97% of those scheduled for collection for all sample types except urine, which was 95% (Table 5 ). The subjects were directly involved in providing personal air, beverage, food, and urine samples while the remaining samples were obtained by study investigators. For subjects agreeing to participate, the proportion that completed the sampling activity was very high. These statistics are the highest ever reported for exposure studies of this complexity Wallace et al., 1987; Whitmore et al., 1994; .
The percent of samples analyzed across all sample types was Z95% except for personal air, which was 92% for pesticides and 93% for PAHs (Table 5) . Some attrition in the number of samples with valid data occurred. Overall, these completion statistics were typical of other exposure studies Wallace et al., 1987) .
GC-MS Confirmation Analysis for Pesticides in Hand Rinses and Surface Press Samples
Four standard solutions containing atrazine, chlorpyrifos, malathion and diazinon spanning the levels reported in the field samples were prepared at the time of GC-ECD analysis. These standards were analyzed by GC-MS to confirm that instrument sensitivity was sufficient to quantify the pesticides if present in the field samples.
A total of 11 surface samples that exhibited the highest levels of atrazine using GC-ECD were selected for qualitative and quantitative confirmation by GC-MS. None of the pesticides were detected in the sample extracts; however, an abundance of background constituents were observed at the retention of the pesticides of interest. Thus, it was concluded that the GC-ECD method yielded false-positive measurements. Additional method development is needed to achieve a sensitive and interferent-free method for these pesticides in surface press samples.
Limits of Detection for Pesticides
An important parameter for assessing the performance of analytical methods is the detection limit achieved for the target analytes of interest. This becomes especially evident during the statistical analysis and modeling of data, where a large percentage of observations below the detection limit can present difficulties in accurately estimating the central tendency in the data. Also, the term ''detection limit'' generically encompasses the more specific terms MDL, QL, and LOQ, all of which have been used in MNCPES. The calculation of MDLs incorporates method blanks in the procedure and for this reason the blank data are not reported here. Table 6 presents the MDLs, QLs and percent measurables for pesticides in air, drinking water, and beverage samples. For personal, indoor, and outdoor air samples, the percent of samples with measurable data ranged from 9.1 to 95, 12 to 91, and 1.9 to 54, respectively, for the 17 pesticides measured. For several pesticides, the percent of samples with measurable levels of pesticides was slightly higher for the indoor samples than for personal samples, which suggests that the time spent outside of the residence yielded lower exposures to pesticides. These results indicate that the median quantifiable limits for analysis of pesticides in air were very low, permitting their measurement in a majority of air samples.
Even though the quantifiable limits for the analysis of pesticides in drinking water were very low, the proportion of samples with measurable levels was extremely low (Table 6 ).
The highest was 3.6% for atrazine and cis-and transchlordane. The quantifiable limits for pesticides in beverages were an order of magnitude above that for drinking water. None of the pesticides were measured above the detection limit ( Table 6 ), indicating that the method for beverages was not sufficiently sensitive for MNCPES.
The median QLs for pesticides in food homogenates are given in Table 7 . The median QL was o1.0 mg/kg for 14 of the 17 pesticides. The median QLs for malathion and diazinon were 3.5 and 1.25 times higher than the goal, respectively, while the QLs for chlorpyrifos and atrazine met the QA goals for the study. The study design prescribed the segregation of foods during collection into two groups, that is, foods (FH) previously reported to have elevated levels of chlorpyrifos, diazinon, and atrazine were composited as one group and the remaining foods (FP) in the second group. The QLS were identical for both categories. Indeed, chlorpyrifos was measured in 43% of the FH samples, while it was 31% in the FP samples. Low detection rates were found in both groups for atrazine and diazinon (Table 7) .
Detection limits for pesticides measured in dust wipe, soil, and urine samples are given in Table 8 . The percent of samples with measurable levels of chlorpyrifos in dust wipes and urine indicated that the methods were sufficiently sensitive for this study. On the other hand, the method for hand rinse samples yielded few measurable values indicating either low dermal exposure or an insensitive method. Participants were given the option to provide personal air and urine samples (item nonresponse allowed). c Outdoor air and drinking water samples were collected at 10% of urban and all nonurban households.
Assessment of the data quality for MNCPES Pellizzari et al. The results in Table 8 also suggest that the MDLs for the analysis of pesticides in soil were too high for use in MNCPES.
The percent measurable for chlorpyrifos and malathion in urine (as its metabolite) indicated that the method was adequate.
The variation in the detection limits for dust wipe and urine samples yielded considerable differences in the proportion of the samples with measurable levels of chlorpyrifos, diazinon, atrazine, and malathion. This, no doubt, will limit the ability to perform correlations between media or to conduct modeling exercises. These observations underscore the importance of using methods that have sufficient sensitivity and that have comparable sensitivity between samples related to each exposure route and pathway.
Minimizing the phenomenon of variable detection limits also underscores the importance of all laboratories participating in sample analysis across all media to utilize the identical method for determining the limit of detection; this was not accomplished in NHEXAS. As such, data containing numerous nonmeasurable results will exacerbate the ability to perform relational analysis between media.
Measurement Bias in Pesticide Analysis
Before the samples were analyzed, the performance of the analysis methods was evaluated. The bias for instrumental analysis of pesticides was assessed by analyzing SRMs available from the National Institute of Science and Technology (NIST). The SRMs contained known amounts of pesticides made in solvent, thus they did not present the challenge of sample matrices. However, the SRMs were run with each batch of samples to assess instrument performance and the bias was calculated as the difference between the reference and measured value. Table 9 presents these results obtained while air, food, and drinking water samples were being analyzed. Air, food, and drinking water samples were all analyzed by one laboratory using GC-MS. For SRMs run during air sample analysis, heptachlor and malathion exhibited the highest percent bias relative to the SRM, while the remaining pesticides had very low measurement biases (Table 9 ). The bias for malathion was also high for SRMs that were run while analyzing drinking water samples. The range of biases, as indicated by the % coefficient of variation (% CV) of percent recovery, was small. Overall, the percent bias was deemed acceptable for MNCEPS.
Percent Recovery of Pesticides from Field Controls
As a means of evaluating bias of analysis, field controls (samples were spiked with known amounts of pesticides into the collection media or appropriate matrices) were prepared, transported to and from the field, and analyzed along with field samples. Table 10 presents the results for air, beverage, and drinking water samples. The median percent recovery for atrazine, diazinon, malathion, and chlorpyrifos met the QA goals for air analysis. Also for the other pesticides that were measured, eight out of 13 also attained these QA goals.
Even though the median recovery of atrazine, diazinon, malathion, and chlorpyrifos met the QA goals in beverages, they were lower than for air. Only two of the five remaining pesticides from beverages met the QA goals. For drinking water, the median recovery for only about half of the pesticides met the QA goals (Table 10) . On the other hand, the precision (% coefficient of variation, CV) of the recovery determinations was very good. It is noteworthy that none of the beverage samples had appreciable measurable levels of pesticides in drinking water.
A subset of field samples of food was spiked with known quantities of pesticides and used to determine recovery using the prescribed method, since appropriate field controls had not been developed for MNCEPS. The median recovery for atrazine, diazinon, malathion, and chlorpyrifos was very good, as were most of the remaining pesticides. Except for malathion, the recoveries for these primary target chemicals were within the QA goals, although the % CVs were large for a few pesticides including atrazine (Table 10 ). Both cis-and trans-permethrins were consistently recovered in the 40-50% range and exhibited a large % CV.
The recovery for pesticides of primary interest (chlorpyrifos, diazinon, atrazine, and malathion) was determined in field controls for the surface press and hand rinse samples (Table 11 ). While the median percent recoveries for hand rinse field controls met the QA goals, those for surface press did not. The % CVs were large in many cases, indicating that additional method development for both extraction and analysis (note also the background interferences in field samples discussed above) is warranted for these two sample types. It is recommended that the determinant step utilize GC-MS for the analysis of these sample types.
Precision of Pesticide Analysis for Duplicate Samples
The number of sample types that contained measurable pesticides in both duplicates were limited. Tables 12 and 13 give these results for duplicate indoor air and food samples. As the levels of pesticides in outdoor air were very low, there were insufficient duplicate samples to assess precision. The median %RSD was excellent for chlorpyrifos in the duplicate indoor air samples (duplicate personal air was not collected) and the remainder of the pesticides also met the same QA goals (Table 1) . Duplicate analysis was performed on food sample extracts (Table 13 ). The median %RSD was excellent. On the other hand, the analysis of duplicate sample aliquots (aliquots of the same composite were processed through the isolation and purification procedure) gave large %RSDs. This may be a reflection of the difficulty of preparing replicate aliquots from inhomogeneous food homogenates.
Limits of Detection for PAHs
The detection limits and percent measurables for PAHs measured in air, dust wipe, and food samples are given in Table 14 . All sample types were analyzed by GC-MS in one laboratory. The median MDL for air was computed for all air sample types since the background on the sampling cartridges used, the volume of air sampled and the instrumental detection limits were the same for the three media. The median MDL for benzo(a)pyrene satisfied the QA goal, while benzo(a)anthracene did not meet the goal.
The percent of the air samples with measurable data was highest for personal air and lowest for residential outdoor air (Table 14) . Four of the 13 PAHs were found in all personal air samples, and an additional five PAHs were measurable in over 50% of the samples. These results indicate that the method chosen for this study was sufficiently sensitive.
In contrast, all of the PAHs were at measurable levels in o 30% of the dust wipe samples. Median QL for wipes was 0.21 mg/cm 2 (Table 14) . The high median QL probably reflected the need for sampling a larger surface area to increase the total mass of PAHs available for analysis in this type of exposure study. Since PAH analysis of dust wipe samples collected with the Lioy, Weisel, and Wainman (LWW) sampler had not been performed before, no QA goals had been delineated.
Nine of the 13 PAHs were measurable in Z70% of the food samples and the remaining PAHs were found in more than half of the samples (Table 14) . The median QL for benzo(a)pyrene was about a factor of two lower than the QA goal. For benzo(a)anthracene, it was 20 times higher; nevertheless, the percent of food samples with measurable values of benzo(a)anthracene was 71%. The QLs appeared to be adequate for this exposure study.
Measurement Bias in PAH Analyses
To assess instrumental analysis bias, SRMs were analyzed along with each batch of air and food samples and these results are shown in Table 15 . The median biases for the measurement of all PAHs were below the QA goals for both sample types. Number of observations where both measurements were above the detection limit. Number of observations where both measurements were above the detection limit.
Percent Recovery of PAHs from Method and Field Controls
The percent recoveries for PAHs from controls for air and food samples are given in Table 16 . The median percent recovery for method and field controls (sampling cartridges loaded with PAHs) for air ranged from 84 to 119 across all PAHs. The %CVs were substantially better for the field controls. The results for benzo(a)pyrene and benzo(a)anthracene met the QA goals set for this study. Furthermore, the percent recovery for the other PAHs also yielded comparable performance. The median percent recoveries for PAHs from spiked food samples (i.e., composite food samples from participants) were 470% for seven of 11 of the PAHs (Table 16) . While benzo(a)anthracene met the QA goal, benzo(a)pyrene did not. The remaining three PAHs were not within the QA goals. Note: median=median of (100À% recovery) values; %CV=coefficient of variation of % recovery values.
Precision of PAH Analysis for Duplicate Samples
Duplicate residential indoor and outdoor air samples were collected for determining the precision of PAH analysis (Table 17 ). Both members of the paired samples had to yield measurable levels of PAHs for this statistic to be compiled. As such, not all PAHs met this criterion. The median RSD for duplicate indoor air samples was o10%. Except for benzo(e)pyrene in outdoor air, which was 23%, the median RSD for all of the remaining PAHs was below the QA precision goal of 20% for outdoor air samples.
Sample extracts of food that exhibited measurable levels of PAHs were selected to determine the precision of duplicate analysis of extracts (Table 18) . Except for anthracene, all of the PAHs had median RSDs of o20% and thus met the QA precision goal. The median RSD for anthracene was 34%. Since anthracene is the most volatile PAH and susceptible to volatility losses during the solvent reduction step in the analytical procedure, its large %RSD was not unexpected. Number of observations where both measurements were above the detection limit.
Summary
The participation and completion rate for the variety of complex sample types in MNCPES exceeded the QA goals. The civic-minded nature of the communities where this study was conducted was very apparent and no doubt the reason for the high responsiveness of the parents and their children that yielded the high completion rate. As such, MNCPES has demonstrated that it is possible to successfully conduct complex exposure studies on a representative sample of children.
The achieved detection limits were a function of the sample size available for analysis and the sensitivity of the instrument and procedures used for quantifying the pesticides and PAHs. The methods employed for the collection and analysis of pesticides and PAHs in air samples had sufficiently low detection limits to quantify them. Most analytes were measured in more than 50% of the personal and indoor samples analyzed. As the outdoor air levels are much lower, the percent of samples providing measurable levels was correspondingly less. For drinking water and beverage samples, the occurrence of pesticides was below the low detection levels achieved by the methods. Food samples did exhibit a substantial percentage of measurable levels of chlorpyrifos and trans-chlordane. Except for the analysis of pesticides in beverages, the collection and analysis methods for pesticides and PAHs were of sufficient sensitivity for this exposure study.
In general, the precision for the collection and analysis was very good for a majority of pesticides and PAHs. Since there is an increasing need to use multipollutant methods that provide precise and accurate exposure data, the performance results obtained in this study are important. Exposure assessments now seek to determine aggregate or cumulative exposures to either assess total exposure across all routes or to assess the total toxicity for a common end point. An example of the latter is the cumulative exposure to the class of organophosphate pesticides. The methods used in MNCPES and the corresponding data quality obtained suggest that such assessments can now be performed precisely and accurately.
